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Introduction
One of the current controversies surrounding immigration policy is the usefulness of skill-biased immigration programmes like those in force in Canada, Australia, and New Zealand, which select 'skilled' immigrants on the basis of a points system 1 (Borjas, 1991; Beach et al, 2007) . In such programmes, 'skilled' includes a composite of formal education typically at or above Bachelor's degree, relevant work experience, minimum knowledge of the host country's language, and age. Skilled migration streams contrast with traditional family reunification programmes, which admit immigrants on the basis of kinship with the host country's residents, and humanitarian programmes of relocation of asylum seekers (Miller, 1999; Belot and Hatton, 2012) .
The rationale for implementing a skill-biased immigration policy is that skilled migrants are more likely to find employment after admission to the host country, are more mobile, and contribute faster to the public finance than other types of immigrants.
2 Indeed, research on the labour market outcomes of recent immigrants to Canada, Australia, and New Zealand provides support for skill-biased migration (Green and Green, 1995; Winkelmann, 1999; Antecol et al 2003) , fuelling the debate on its usefulness in countries that currently do not have one, like the United States, and where large unregulated immigration has occurred, or is feared, as in the European Union (Zimmermann et al, 2000) .
One under-researched angle of existing analyses of skill-biased immigration policies is the extent to which skilled migrants contribute to the efficient use of productive 1 The point-based immigration system started in Canada in 1962 and later adopted in Australia and New Zealand and in a plethora of other destination countries in more recent times, including the UK, the Czech Republic, Denmark, Japan, Hong Kong, Singapore, and Germany amongst others. 2 Studies that analyse the effect of migrants in general, as opposed to skilled migrants, often find a negative effect on productivity; see for example, Kangasniemi et al. (2012) for the UK and Spain, and Paserman (2013) for Israel.
2 inputs for the host country. Existing work tends to analyse the effects of migration on productivity resulting from the reallocation of human capital between places of origin and destination. By migrating, individuals unable to use their skills at home do so in the host country, leading to increased production there 3 . For example, the literature on skilled migration highlights the contribution of these migrants to innovation activity and the development of new technology in the United States (Hunt and GauthierLoiselle, 2008) . Similar work for the European Union suggests that such contribution is evident only for non-EU skilled migrants, who are subjected to some form of screening unlike their EU counterparts (Huber et al, 2010) .
The increased productivity resulting from migration however captures only part of migrants' overall contribution to the host country's economy. Migrants' skills are often under-utilised by host country employers, even in countries applying a selective immigration policy, as emerging from the study of immigrants' level of experience and formal education vis-à-vis the jobs they fill (Dolton and Vignoles, 2000; Kler, 2007) . This implies a wastage of resources that is detrimental to the country of origin, which subsidises emigrants' formal education, and the host country where such human capital earns a lower rate of return than what is achieved by its native equivalents.
The total effect of skilled migration on the host country's economy can nevertheless be captured by a weighted measure of migrants' contribution to productivity and level of utilisation in the labour market known as 'productive efficiency'. Such approach measures how close an economy is to a benchmark production possibility frontier that uses all resources efficiently: namely when inputs are used in their lowest possible amounts for the production of an output.
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We apply the productive efficiency approach to a number of countries that differ in immigration policy towards skilled migration: some have established skill-biased migration policies, like Australia, Canada and New Zealand; others have a much narrower approach to skilled migration (e.g. the United States). Some have only recently introduced targeted programmes to attract specific skilled workers (eg. the Czech Republic and Denmark).
Our analysis covers seven industries in twelve countries for the period 1999-2001, and uses input and output data from the EU-KLEMS database and the single crosssectional information on skilled migration data from the OECD Stan database. Given the limited availability of data over time we construct a single cross-sectional dataset, and measure relative productive efficiency at a given point in time 4 .
Our results suggest that skilled migrants contribute positively to a country's productive efficiency in all sectors aside from Finance, for which we offer an interpretation, and they broadly support the introduction of skill-biased migration policies. They provide additional insights into the various dimensions in which skilled migration contributes to a country's economy and offers new information to policymakers debating the advantages and limitations of introducing skill-biased immigration policies.
The rest of the paper is organised as follows: Section 2 introduces the concept of productive efficiency and the methodology. Section 3 presents the data. Section 4 discusses the results. Section 5 concludes and highlights implications for policy.
2 Measurement of Productive Efficiency
Productive efficiency aims to measure the minimum amount of inputs required to produce a certain quantity of output. The literature on productive efficiency stems from the empirical work of Farrell (1957) , who developed a method to estimate the productive efficiency of a country. Over time, the estimation of production function frontiers has been carried out using either deterministic methods or stochastic techniques. Deterministic methods, which include methodologies known as data envelopment analysis (DEA) of Charnes et al. (1978) and the free disposal hull (FDH)
of Deprins et al. (1984) , apply linear programming techniques to construct a frontier by using a piecewise linear envelope that connects the best performers (e.g. sectorcountry combinations that receive the highest efficiency scores). The main advantage of this approach is the small number of restrictions imposed on the properties of the production technology. Its main limitation is not disentangling white noise from inefficiency measures.
In the stochastic approach, random shocks are included to cater for deviations from the production frontier, and inputs for productions are distinguished from other conditions that nevertheless have an influence on the efficient use of resources, like environment and institutions.
To ascertain the contribution of skilled migrants to a country's productive efficiency we apply the DEA method, and define a measure of productive efficiency that is comparable across countries and sectors. The DEA method is preferred to the stochastic frontier method in the present case because the group of decision-making units (DMUs) comprises various industries in different countries with potentially different production technologies, making it inappropriate to specify them using a specific functional form. We consider a sector of a country as a single DMU that produces its gross output using various inputs. Some sectors may be more efficient in utilizing the available technology and produce more output than others using the same level of inputs. Some may be less efficient and produce less than others. In the spirit of Farrell (1957) , we measure the productive efficiency of a sector of a country by comparing its actual gross output with the maximum gross output that can be produced using the same levels of inputs. This can be facilitated via the output distance, which represents the proportion by which the actual output of a country could be increased without changing the levels of inputs if the sector were fully efficient under the available technology.
The output distance function is defined as D(x,y:T) = max δ {δ: (x,δy) ∈ T} (1) where y ∈ R + is gross output, x ∈ N R + is an input vector, and T ⊂ one. For a sector that is efficient, the output distance will be one because the actual level of output is the maximum that can be produced without changing inputs. For an inefficient sector, on the other hand, the output distance will be larger than one implying that output can be inflated without increasing inputs. Therefore, a measure of productive efficiency can be defined as
which is bounded between zero and one. PE will be one for efficient sectors and less than one for inefficient sectors. For example, a PE of 0.8 implies that the sector is only 80% efficient compared with the best performing sector and hence output could be increased by up to 25% (=[1-0.8]/0.8) given the same levels of inputs.
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We measure distances using the DEA method under the assumption of constant returns to scale (CRS). 5 The linear-programming (LP) model for a sector of a country (DMU k) can be written as:
where δ is the output distance, y k is DMU k's output, x k is an (N×1) vector of DMU k's inputs, Y and X are (1×K) and (N×K) matrices of outputs and inputs of all K DMUs respectively, and λ is a (K×1) vector of intensity coefficients. This LP problem involves finding by how much DMU k can increase its output without changing its inputs, subject to the constraint that it cannot produce more than the maximum level implied by the frontier formed by the best performers in the group of K DMUs. 
Data
The main source of data for measures of productivity by sector is the EU KLEMS Some descriptive statistics of the productivity variables used for the DEA analysis are 8 presented in Table 1 , while more detailed 3-year averages for individual sectors and countries are in Table A .2. The relatively high coefficient of variation (c.v.) of real output for the whole economy, 2.01, reflects huge differences in the sizes of economies with the largest economy, that of the US, being more than 70 times that of Finland, the smallest in the group. With exceptions of Australia, Denmark and US, the largest sector of a country in terms of size of output is the Manufacturing (excluding Electrical) sector. For both Australia and Denmark, the largest sector is the Distribution sector, while for the US it is the Non-Market sector, which is not surprising as it includes defence (Table A. 2).
For all countries, the biggest user of intermediate input is the Manufacturing sector.
When it comes to the use of labour, it is either the Distribution sector or the NonMarket sector for most countries. The input that has the highest variation in quantity across the countries is ICT-capital, with the coefficient of variation being greater than 2 for all sectors but the Personal Services sector. In most countries, the Finance & 9
Business and the Distribution sectors use the most ICT-capital, but in Austria, the Czech Republic and the UK it is the Electrical and Communications sector that does.
Apart from the Non-Market services sector, the Other Production and the Distribution sectors have the largest Non-ICT capital stock in all countries but in Italy. In Italy, the Finance and Business Services sector has more Non-ICT capital stock than any other sectors including the Non-Market Services sector.
8 Table 2 presents data on skilled migrant and native workers for each country. The observations were made only once in the year 2000. In the empirical analysis, to exploit the three-year span for which we have data, we will assume that the proportion of migrant workers during 1999-2001 remains unchanged relative to the 2000 level. Skilled foreigners constitute about a quarter to a third of the stock of immigrant workers available in each of the twelve countries. The only exceptions are Austria, where they constitute 13.6% and Italy (16.5%). The highest proportions of skilled migrants are in English-speaking countries, topped by the UK, then Australia and the US, perhaps reflecting the language advantage of English, which is one of the most commonly spoken languages in the world, as these countries' official language. They are followed by the Nordic countries (Sweden, Finland, and Denmark), whose official languages are also similar and which have an established policy of openness to regional labour movements across them. The countries with the lowest proportion of skilled foreigners are traditional emigration countries, which have experienced net immigration flows only since the mid-1990s (Italy, Spain, Portugal, and the Czech Republic).
The proportion of skilled workers amongst immigrants tends to be higher than the corresponding proportion amongst natives, with the exception of Austria, Finland, Spain, and the US. Immigrants account for a third of the overall stock of skilled labour in the case of Australia -the only host country with an established skill-biased immigration policy. Austria, Sweden, Portugal, the UK, and the US have broadly similar skilled shares of immigrants in their skilled workforce (11%-15%). In contrast, immigrants account for only a relatively small fraction of the skilled workforce in Finland (the lowest, with only 1.6%), the Czech Republic, Italy, Spain, and Denmark (1%-5%). Table 3 presents the proportion of immigrants amongst skilled labour for each sector of the countries. The top left cell in the Table informs that immigrants account for 44.5% of skilled workers in Electrical Machinery, Post and Communication Services (Elecom) in Australia (AUS). capital stocks.
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In general, skilled immigrant workers concentrate in Distribution services and Manufacturing, especially in countries that traditionally import immigrant labour (e.g.
English-speaking countries). In countries where immigration is more recent, skilled immigrants seem to find employment particularly in Personal Services (Austria, Italy, Portugal, Spain).
Empirical Results
The empirical analysis consists of two stages. First, we estimate each country-sector's productive efficiency. For the measurement of productive efficiency, each sector of a country in each year is treated as a single DMU whose performance is measured against a common technological frontier consisting of all sectors of all countries in all three years. Hence, there are 252 DMUs (7 sectors х 12 countries х 3 years) to form a frontier in a 5-dimensional space (one output plus four inputs). Table 4 presents productive efficiency scores, defined by (2) 9 Despite of the Czech Republic's short history as a capitalist country, it is one of the 34 IMF-defined 'Advanced Economies' like the others in the sample. The group of 34 Advanced Economies, classified by the IMF, includes Australia, Austria, Belgium, Canada, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hong Kong SAR, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Malta, Netherlands, New Zealand, Norway, Portugal, Singapore, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Taiwan Province of China, United Kingdom, and United States. Source:
http://www.imf.org/external/pubs/ft/weo/2011/02/weodata/weoselagr.aspx#a110 (22 September 2013) In the second stage of the empirical analysis, we relate the estimate of productive efficiency to inputs, taking into account their qualities (this was not part of the measurement of productive efficiency, as the quality of an input is assumed to be the same for all sectors in all countries).
To analyze how the differences in the proportion of migrant workers in the labour force affect the productive efficiency given the other qualities of the inputs we apply the regression model formalized by: lnPE it = α + γ 1 D1 it FL it + … + γ 7 D7 it FL it + β 1 lnLW it + β 2 lnKW it + u it (4) where: A complication with the PE variable in a regression analysis is that it is censored at 1, and hence its log at 0, from above. To overcome this problem, the PE scores of 1 are recomputed after excluding the inputs and output of the corresponding DMU from the X and Y matrices in the DEA problem (3). This allows the PE scores for the DMU to be higher than 1 implying that the DMU is 'super-efficient'. This approach has a useful advantage over the popular Tobit-model approach in that the former enables discrimination of super-efficient DMUs while the latter does not, resulting in the estimates based on the former approach being more efficient. lnV(u it ) = α 0 + α 1 D1 it FL it + … + α 7 D7 it FL it + α 8 lnLW it + α 9 lnKW it + v it (5) The two sets of results are almost the same. The only significant differences are that the coefficients for FL OtherG and FL NONMAR become significant at 5% when the proportion of medium-to-high skilled migrant workers is used, and that the order of the sizes of the coefficients for FL OtherG and FL DISTRIB reverses. All the coefficients 15 except those for FL OtherG and FL NONMAR in Model 1 are significant at 5%. The null hypothesis that all γ coefficients are jointly equal to zero is strongly rejected by both models, implying that the proportion of skilled migrant workers is an important factor in determining productivity. The null hypothesis that all the γ coefficients are the same has also been strongly rejected, implying that the effect of migrant skilled workers on the productivity varies across sectors. The proportion of skilled migrant workers has a positive effect on the productive efficiency for all sectors except the Finance & Business sector, where the effect is negative. This outcome reveals that skilled migrants contribute positively to their host countries' productive efficiency. The effect on the productivity of a one percentage point change in the proportion of medium-to-high skilled migrant workers (Model 2) is by far the largest for the Distribution sector (0.88%), while the effect of a change in the proportion of high-skilled migrant workers (Model 1) is the largest for the Other Production sector only by a small margin (0.50% versus 0.48%).
The γ-coefficient estimates for the Distribution sector in the two models imply that an increase in the proportion of high-skilled migrant workers by one percentage point leads to a 0.5% increase in the productivity, while an increase in the proportion of medium-to-high skilled migrant workers leads to a 0.88% increase, ceteris paribus. On the other hand, the two sectors that have the largest γ coefficients, the OtherProduction and Distribution sectors, do not seem to have many features in common.
The Other Production sector has the highest labour intensity (1.498), but the Distribution sector has relatively low labour intensity (0.263). The Other Production sector has the second lowest labour elasticity (0.015), while the Distribution sector has the second highest (0.230). The only conspicuous features common in both sectors are that the proportions of high-skilled workers out of all workers are the lowest (0.057 and 0.079 for OtherG and DISTRB respectively) and consequently the lowest labour compensation levels except for the Personal Service sector.
A clear picture emerging from these analyses is that skilled migrant workers are more productive than average skilled workers in most sectors, where the lower the level of skill of general workers in the sector the higher the contribution of additional skilled migrant workers to improving the productivity. However, in the Finance & Business sector, where the skill level of average worker is the highest among sectors, the skill level of average skilled migrant worker is lower than that of general average skilled worker, and hence the higher the proportion of migrant workers the lower the productivity.
There could be many reasons why migrant workers' skill level is not as high as the general skill level in the Finance & Business sector. One of the obvious reasons is that it includes industries where entrance is most competitive, resulting in the best workers ending up working in the industries. Another possible reason is that migrant workers' knowledge about the business environment and rules, including the language, may fall short of that of native skilled workers in a sector that is often characterised by cutthroat competition (e.g. Peri and Sparber, 2008; Chiswick and Taengnoi, 2007) .
Finally, the elasticity of productivity with respect to labour compensation is almost twice that with respect to capital compensation (0.22% versus 0.13%). It implies that, on average, enhancing the quality of labour input is much more effective than enhancing the quality of capital input in improving productive efficiency.
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Conclusions and Implications for Policymakers
The empirical results suggest that skilled migrants are both desirable and valuable in enhancing a host country's productive efficiency. Introducing a skill-biased immigration policy appears therefore justified on the basis that skilled migrants make a positive contribution to efficiency, and the result is statistically robust to changes in model specification.
It is however important to highlight that Australia, the only country with an explicit labour-market driven approach to migration, does not stand out as the host country where skilled immigrants make the largest contribution to efficiency, as the interaction variables combining skilled migrants with county dummies yield coefficients that are seldom statistically significant. Other relevant forces are therefore at play, first and foremost institutional differences amongst host countries.
Recent research has pointed out that the emphasis on skilled migration may contribute to the higher incidence of over-education in the host country's labour market. It has been estimated that about 40% of immigrants to Australia perform jobs that require a lower level of education than that possessed. Similar figures exist for domestic labour markets in Canada and New Zealand as well as the European Union. Immigration policy matters in selecting applicants but it is the labour market that determines the success of the immigration policy in place.
Our results support the side of the debate calling for a skill-biased approach to immigration policy, especially for countries where income inequalities do not act as a natural screening device (Roy, 1951; Borjas, 1987) . However, issues about immigrants' social inclusion, participation, and success ultimately depend on how efficient a country's labour market is in granting access to opportunities and in rewarding the human capital supplied. A skill-biased immigration policy may contribute to the well-functioning of the domestic labour market, but it cannot per se 21 solve issues connected with the most efficient utilisation of skilled labour and the resources available. 
